Abstract. The aim of this study was to compare the expression of annexin ii (anXa2) in benign prostatic hyperplasia (BPH) with that of prostate cancer (Pc), and to correlate the expression levels with pathologic grade and stage. immunohistochemistry was performed on samples from 85 patients with Pc and 40 patients with BPH. The correlation between anXa2 expression and clinicopathologic features and clinical outcome was evaluated. The data showed that ANXA2 expression was significantly lower in PC compared to BPH (P<0.01). There was significant difference between anXa2 expression and Gleason score (P<0.01). Patients with down-regulated anXa2 tended to have tumors of advanced clinical stage, more frequent recurrence and regional lymph node and distant metastasis. anXa2 expression was not correlated with age. The down-regulation of anXa2 in a Pc-3 cell line increased in vitro invasive ability, and anXa2 had an independent prognostic effect on overall survival. in conclusion, anXa2 dysregulation is an important event associated with the development and progression of Pc. anXa2 down-regulation aids in the discrimination of Pc from BPH and may serve as a clinically useful biomarker.
Introduction
annexins have roles in diverse cellular functions, including apoptosis, membrane trafficking, signal transduction, cellular motility and cell-cell interactions (1) (2) (3) . annexin ii (anXa2) is a member of a family of calcium-dependent phospholipid membrane-binding proteins that contains a conserved repeating domain of approximately 70 amino acids. anXa2 has been shown to concentrate in lipid rafts and likely participates in ion channel regulation and the formation of tight junctions (4, 5) . it is up-regulated in response to physiologic stress, and inhibits cellular mobility when levels are restored in prostate cancer cells in culture. Several annexin family protein members are underexpressed in prostate cancer. The down-regulation of annexin i protein expression in prostate cancer was first demonstrated by molecular profiling studies of human prostate cancer samples (6) . anXa2 is also reduced in human prostate cancer, and biological studies in which anXa2 expression was restored suggest that the dysregulation of anXa2 expression may be an important early event in the initiation of prostate cancer (7, 8) . although reduced anXa2 expression in human prostate cancer has previously been demonstrated, the biologic significance of the differential anXa2 expression is not known. in the present study, we evaluated the expression of anXa2 in prostate cancer, and examined its role by reducing anXa2 expression levels in Pc-3 cells using short hairpin rna (shrna) and analyzing the characteristics of malignancy. in addition, the levels of anXa2 protein expression and the risk of recurrence were retrospectively evaluated in a small cohort. The results suggest a positive role for anXa2 expression in highly aggressive prostate cancer, and demonstrate a specific role for ANXA2 in prostate cancer cells.
Materials and methods
Patients and specimens. Specimens were obtained from 85 patients with prostate cancer (Pc) and 40 patients with benign prostatic hyperplasia (BPH) admitted to The First Affiliated Hospital of the University of South University and the Second Xiangya Hospital of central South university. The samples were collected during radical prostatectomy or via stab specimens. The mean age of the Pc patients was 64.3 years (range 51-80). Specimens from the 40 BPH patients served as the control.
Immunohistochemical staining. immunohistochemistry was performed on formalin-fixed and paraffin-embedded tissue sections using a standard immunohistochemical technique. The specimens were fixed in 10% formalin, embedded in paraffin and cut into 3-to 5-µm-thick sections. Tissues were deparaffinized and rehydrated through a graded series of ethanol. after blocking of endogenous peroxidase activity with 0.75% hydrogen peroxide in methanol for 45 min, the sections were microwaved for 5 min twice at maximum power in 10 mM citrate buffer to enhance antigen detection, then cooled in buffer for 20 min at room temperature. after incubation for 20 min with 5% normal horse serum diluted in phosphate-buffered saline (PBS), the sections were incubated for 1 h at room temperature with a 1:200 dilution of mouse anXa2 antibody. after washing in PBS buffer, the secondary absorbed horse anti-mouse immunoglobulins in the 1:200 dilution and the reaction product were visualized with 0.03% hydrogen peroxide as the substrate and diaminobenzidine as a chromogen. The sections were counterstained with hematoxylin and mounted on mounting medium. as the negative control, prostatic tissue from the same patient, processed as above except for being incubated with only the diluent without the anXa2 antibody, was used. normal prostatic tissue served as the positive control.
Evaluation of staining. Sections were evaluated using light microscopy (olympus) by two blinded investigators to provide a consensus on the staining pattern. each cancerous region was assigned a Gleason score according to the staining intensity of the cancerous region. at least 10 high-power fields were selected at random and >1,000 cells were counted in each section. The staining intensity was graded as: 0, no staining; 1+, mild staining; 2+, moderate staining; and 3+, intense staining. The area of staining was evaluated as: 0, no staining of cells in any microscopic fields; 1+, <30% of tissue stained positive; 2+, 30-60% stained positive; and 3+, >60% stained positive. The scores (extension + intensity) were then summed, for a minimum score of 0 and a maximum of 6. a combined staining score (extension + intensity) of 2 indicated negative (low) staining; a score of 3-4, moderate staining; and a score of 5-6, strong staining.
Western blotting. Briefly, 40 µg of lysates were separated by 10% SDS-PAGE and transferred to a polyvinylidene difluoride membrane. Blots were blocked with 5% non-fat dry milk for 2 h at room temperature and then incubated with primary anti-anXa2 antibody for 2 h at room temperature, followed by incubation with a horseradish peroxidase-conjugated secondary antibody for 1 h at room temperature. The signal was visualized with an enhanced chemiluminescence detection reagent and quantitated by densitometry using the imageQuant image analysis system (Storm optical Scanner; Molecular dynamics, Sunnyvale, ca, uSa). The mouse antiactin antibody (1:5,000; Sigma) was detected simultaneously as a loading control.
Administration of ANXA2 siRNA to PC-3 cells. Pc-3 prostate cancer cells were transfected with anXa2 sirna or control sirna (Santa cruz Biotechnology) according to the sirna transfection protocol provided by the manufacturer. Briefly, the day before transfection, Pc-3 cells were plated onto 6-well plates at a density of 10 5 cells/ml in rPMi-1640 medium (Invitrogen, Carlsbad, CA, USA) containing 10% FBS. When the cells had reached 60-80% confluency, they were transfected with 10 nmol/l of anXa2 sirna or control sirna after pre-incubation for 20 min with sirna transfection reagent in sirna transfection medium. The medium was replaced with in RPMI-1640 medium containing 10% FBS 4 h after the initiation of the transfection, and the cell culture was continued for an additional 44 h. at the end of the transfection, anXa2 expression levels in the cells were determined by Western blotting.
In vitro cell invasion assay. The invasiveness of the Pc-3 cells transfected with anXa2 sirna, lipofectamine 2000 (lip) or control sirna was evaluated in 24-well transwell chambers (costar, cambridge, Ma, uSa) as directed by the manufacturer. Briefly, the upper and lower culture compartments of each well were separated by polycarbonate membranes (8 µm pore size). The membranes were pre-coated with 100 µg/cm 2 of collagen matrix (Matrigel; collaborative Biomedical Products, Bedford, Ma, uSa), which was reconstituted by the addition of 0.5 ml of serum-free rPMi-1640 medium to the well for 2 h. To assess the ability of the cells to penetrate the pre-coated polycarbonate membrane, 1.25x10 4 cells in 0.5 ml of rPMi-1640 medium containing 1% FBS was placed into the upper compartment of the wells, and 0.75 ml of RPMI-1640 medium containing 10% FBS was placed into the lower compartment. The transwell chambers were incubated for 24 h at 37˚C in a humidified 5% CO 2 atmosphere. invaded cells attached underneath the chamber membrane were stained with a diff-Quik stain kit (dade Behring, newark, de, uSa) and counted in eight random fields with an inverted microscope at a magnification of x200. Invasive ability was defined as the average number of cell to penetrated the matrix-coated membrane per field. The experiment was performed in triplicate.
Statistical analysis. Statistical analyses were performed using SPSS software (version 17.0) . Significant differences between anXa2 expression in the Pc tumor and BPH samples were censored, and the missing values were replaced by the series mean method. a univariate analysis with the cox proportional hazards model was used to determine each identified prognostic factor, while multivariate analysis with the cox proportional hazards model was used to explore the combined effects. Significant differences between the expression of anXa2 and clinical variables including age, Gleason score, tumor stage, lymph node metastasis, distant metastasis, clinical stage and recurrence were compared using the non-parametric kruskal-Wallis test and a pairwise Mann-Whitney u test. Survival rates (cumulative survival and cumulative survival curves) were obtained by the kaplan-Meier method and differences between the curves were compared by log-rank analysis. The level of statistical significance was set at a P-value of <0.05.
Results
Expression of ANXA2 in clinical samples. The expression of anXa2 was detected using immunohistochemistry in formalin-fixed and paraffin-embedded archival clinical tissues from 85 cases of Pc and 40 cases of BPH. as shown in Fig. 1 and Table I , the expression level of ANXA2 was significantly lower in the Pc compared to the BPH specimens (P<0.01). There was significant difference between the expression of anXa2 and Gleason score ( Table i . expression of anXa2 in benign prostatic hyperplasia (BPH) and prostate cancer (Pc). 
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Moderate (3-4) Strong (5-6) P-value anXa2 tended to have advanced clinical stage, more frequent recurrence and regional lymph node and distant metastasis. The expression level of anXa2 was not correlated with age.
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Effect of ANXA2 down-regulation by siRNA on cell invasiveness of PC-3 cells.
To study the association of anXa2 down-regulation in the Pc-3 cell line with its metastatic ability, Pc-3 cells were transfected with anXa2 sirna, then the sirna-induced inhibition of anXa2 expression was determined by Western blotting. as shown in Fig. 2a , the introduction of ANXA2 siRNA into PC-3 cells significantly decreased anXa2 expression, whereas anXa2 expression was not significantly suppressed by control siRNA. Next, the effect of anXa2 down-regulation by sirna on the cell invasiveness of the Pc-3 cell line was evaluated using an in vitro invasion assay. as shown in Fig. 2B and c, Pc-3 cells transfected with anXa2 sirna were approximately 3.5-fold less invasive than Pc-3 cells transfected with control sirna (P<0.01), indicating that the down-regulation of anXa2 expression increased the in vitro invasive ability of the Pc-3 cell line. anXa2 down-regulation was thus positively associated with the invasiveness of the Pc-3 cells in vitro.
Survival analysis. Survival curves were calculated for the 85 patients with PC. One patient (1.2%) was lost during follow-up. By the end of the study, 24 patients (28.2%) had succumbed to PC, 60 patients (70.6%) were still alive, 28 patients (32.9%) had experienced disease recurrence, and 21 patients (24.7%) had presented distant metastasis. The mean follow-up time was 57.8±11.7 months. using univariate analysis (cox proportional hazards model), the following variables were found to be significantly associated with prognosis: tumor stage, Gleason score, recurrence, lymph node metastasis, distant metastasis and the expression level of anXa2 (P<0.05, Table iV ). Survival curves calculated by the kaplan-Meier method and analyzed using the log-rank test showed that the survival rates of the patients were significantly related with the down-regulation of anXa2 (P<0.01, Fig. 3 ). Multivariate analysis showed that Gleason score, recurrence, distant metastasis and the expression level of anXa2 had an independent prognostic effect on overall survival (P<0.01, Table V) .
Discussion
annexins constitute a family of ca 2+ -dependent membranebinding proteins, of which at least 20 have been described to date. among these, anXa2 has been revealed to be a multifunctional protein in vitro; however, its role in vivo requires further investigation. anXa2 plays a key role in numerous cellular functions, including apoptosis, signal transduction and cellular motility (9) (10) (11) . increased expression of anXa2 has been reported in various types of cancer, including lung cancer, hepatocellular carcinoma, acute myelogenous leukemia, clear-cell renal cell carcinoma and breast cancer (12) (13) (14) (15) (16) . Several studies have also demonstrated the downregulation of anXa2 expression in Pc (8, 17) . Banerjee et al (18) compared the expression of anXa2 in patients with Pc from india and the united States, and observed focal expression of anXa2 in the patients with poorly-differentiated Pc from the united States, but not in those from india. These results are in contrast to the findings of present study, which indicate that anXa2 was absent or focally present in patients with poor differentiation, but was retained in patients with high-grade Pc. 
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although anXa2 is commonly down-regulated in Pc, the association between the reduced expression of anXa2 and pathologic grade and stage is unknown (19) , and the mechanisms affecting anXa2 expression levels in Pc remain to be determined. in this study, the expression level of anXa2 was significantly lower in PC compared to BPH specimens. There was a significant difference between ANXA2 expression and Gleason score, and expression levels were higher in well-or moderately-differentiated compared to poorlydifferentiated prostate adenocarcinoma. The results indicated that the down-regulation of anXa2 protein may be related to the development and differentiation of Pc. anXa2 expression was correlated with tumor stage, Gleason score, recurrence, lymph node metastasis and distant metastasis. Tumors exhibiting down-regulated anXa2 tended to have advanced clinical stage, more frequent recurrence and regional lymph node and distant metastasis. anXa2 expression was not correlated with age. regardless of the mechanisms behind reduced anXa2 expression in Pc, the data suggest that anXa2 may be a molecular determinant of more aggressive Pc, and serves as an independent prognostic indicator of overall survival.
anXa2 expression also correlates with Fuhrman nuclear grade and clinical outcome in conventional renal cell carcinoma (20) . in brain tumors, anXa2 is expressed in glioblastoma multiforme and in anaplastic astrocytoma, but not in lower-grade tumors (21) . In vitro studies on pancreatic adenocarcinoma cells have shown that anXa2 is a binding site for tissue-type plasminogen activator (t-Pa) (22) . active t-Pa at the cell surface of pancreatic adenocarcinoma causes local activation of plasmin, which increases the invasiveness of tumor cells (23) . This has also been observed in transgenic mouse models of pancreatic cancer (24). anXa2 has a binding site for cathepsin B and t-Pa, and reacts with extracellular surface proteins. increased expression of anXa2 leads to increased invasion and motility (25) . However, decreased expression of anXa2 in poorly-differentiated Pc results in the increased ability of the cancers to invade locally. Moreover, anXa2 expression is lost or reduced in Pc cells, and its re-expression inhibits Pc cell migration (19) . Since anXa2 likely plays a role in cell-cell interaction and tight junction formation, it is possible that the down-regulation of anXa2 in Pc is an attempt by the carcinoma to increase Pc cell migration and therefore metastasis.
in order to determine whether anXa2 contributes to the migration and metastasis of Pc, we established stable cell lines deriving from Pc-3 cells in which endogenous anXa2 expression was inhibited by shrna. The results indicated that the down-regulation of anXa2 expression in the Pc-3 cell line increased its in vitro invasive ability; thus, anXa2 down-regulation was positively associated with the invasiveness of the Pc-3 cell line in vitro. Shiozawa et al (26) also found that Pc cell lines migrate towards anXa2, and that the adhesion of Pc cells to osteoblasts and endothelial cells is possibly inhibited by anXa2. The mechanisms of metastasis may involve in the adhesion and localization of Pc. The data showed that anXa2 down-regulation may aid in the discrimination of Pc from BPH and that anXa2 may serve as a clinically useful biomarker.
in conclusion, anXa2 expression is commonly downregulated in prostate cancer, suggesting that anXa2 dysregulation is an important event associated with prostate cancer development and progress and plays a central role in prostate cancer metastasis.
